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Electronically tunable radio receiver

Technical Field

This invention relates generally to an elec-
tronically tunable type of radio receiver having a
scan control for automatically stopping a so-
called local oscillation frequency scanning oper-
ation at its optimum tuning point.

Background Art

The conventional electronically tunabie radio
receiver tunable to both FM and AM broadcast-
ing stations includes two separate local oscil-
lators one for FM reception and the other for
AM reception, each of which has a different
local oscillation frequency. This is due to the
fact that the intermediate frequency for FM
reception is totally different from that for AM
reception. For the type of radio receivers which
automatically scan the local oscillation fre-
quency, the scan rate is set at a relatively low
level to enable the operator to manually stop
the automatic scanning operation on the local
oscillation frequency at the optimum tuning
point. Radio receivers with the capability of
automatically stopping the automatic scanning
operation on the local oscillation frequency can
accomplish a simple and quick tuning oper-
ation but need complicated circuitry for the pur-
pose of automatically stopping the scan oper-
ation.

It is well known that such automatic stop
circuitry is adapted to take advantage of the
intermediate frequency output of an inter-
mediate frequency circuit. To this end it requires
two separate automatic stop circuits for FM
reception and AM reception due to the fact that
the respective intermediate frequencies for FM
reception and AM reception are quite different
from each other, for example, 10.7 MHz and
450 KHz in Japan.

The automatic stop circuitry is very con-
venient for the radio receivers with the facility of
automatically scanning the local oscillation fre-
quency to achieve optimum reception of any
desired broadcasting station, that is, prompt,
accurate and simple reception. However, such
circuitry has the problems that the circuit
arrangement is complex and the two separate
stop circuits should be incorporated into the
radio receivers independently of each other for
FM reception and AM reception. As a matter of
fact, the use of the automatic stop circuitry is
confined to expensive radio receivers.

U.S. Patents Nos. 3,800,226 and 4,135,158,
and Japanese Patent Kokai 53-11509 describe
other tuning systems for AM/FM receivers.

In the Japanese document, for example, AM
intermediate frequency signals are delivered to
an FM tuning circuit and converted into signals
of the FM intermediate frequency. Detection
circuitry coupled to the output of the FM IF
amplifier can then be used to halt the scanning
operation during both FM and AM reception
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modes. However, this arrangement has the dis-
advantage that in order to achieve the required
tuning accuracy fine adjustment of the FM
circuitry is required, the bandwidth of the
circuitry must be made suitable both for the
detection operation and for good-quality recep-
tion of FM signals, and a quite complex circuit
has to be provided in order to derive from both a
level detector and an FM demodaulator the signal
which is used to half the scanning operation.

Disclosure of the Invention

In accordance with the invention there is pro-
vided an electronically tunable AM/FM radio
receiver having tuning means operable to vary
the frequencies of AM and FM local oscillation
signals and responsive to AM and FM inter-
mediate frequency signals for halting the vari-
ation of an associated local oscillation signal
frequency in response to a received AM or FM
radio signal, said tuning means being operable -
to convert a first of the intermediate frequency
signals into a signal of the other intermediate
frequency, and including a common detector
which is responsive to both the other inter-
mediate frequency signal and the converted first
intermediate frequency signal for detecting
received FM and AM radio signals, character-
ised in that the tuning means is operable to con-
vert the FM intermediate frequency signal into
the AM intermediate frequency, said common
detector being responsive to signals having the
AM intermediate frequency.

Because a common circuit is utilised for’
detecting both FM and AM radio signals and
then stopping the scanning operation, a simple
and inexpensive circuit structure is achieved.
Furthermore, accurate tuning can be achieved
by the use of a simple level detector responsive

-to the signals of the AM intermediate fre-

quency, so that the complex circuits and fine
adjustment required in the apparatus of the
Japanese document referred to above are no
longer needed. This is because, at the AM inter-
mediate frequency, it is fairly easy to provide the
level detector with the narrow bandwidth which
is necessary to achieve accurate tuning.

Brief Description of the Drawings

FIG. 1 is a block diagram of a radio receiver
constructed in accordance with the present
invention; and

FIG. 2 is a detailed circuit diagram showing a
control circuit contained within the radio
receiver of FIG. 1.

Detailed Description of Preferred Embodiment
Referring first to FIG. 1, there is illustrated a
block diagram of a radio receiver embodying the
present invention, which comprises an FM front
stage 70 and an AM front stage 20, the former

~including an RF amplifier 101, a mixer 102 and
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a local oscillator 103 and the latter including
similarly an RM amplifier 201, a mixer 202 and
a local oscillator 203.

An FM intermediate frequency amplifier 11
and an AM intermediate frequency amplifier 21
follow the FM front stage 70 and the AM front
stage 20, respectively. An AF detector 12 and
an AM detector 22 are connected between the
outputs of the amplifiers 11 and 21 and a series
combination of a low frequency amplifier 30
and a loud speaker 31, respectively. Thus, when
any FM or AM broadcasting signal is received by
an antenna 32, that received signal is con-
verted into the FM intermediate frequency or
the AM intermediate frequency via the FM front
stage 70 or the AM front stage 20.

If one of two receiver modes is selected by an
AM reception mode/FM reception mode
selector (not shown), then either the FM inter-
mediate frequency output or the AM inter-
mediate frequency output will be derived from
the intermediate frequency amplifier 11 or 21.
After the derived intermediate frequency out-
put is amplified by the low frequency amplifier
30 via the detector 12 or 22, the loud speaker
31 is enabled to deliver audible sounds of any
selected FM or AM broadcasting signal.

An automatic tuning detector 33, separate
from the above described tuning circuitry, is
adapted to develop a tuning instruction for dis-
continuing the scanning operation. Two input
sections 331 and 332 of the detector 33 are
connected to the outputs of the FM inter-
mediate amplifier 11 and the AM intermediate
amplifier 21 so that either the FM intermediate
frequency (10.7 MHz)} or the AM intermediate
frequency (450 KHz) is supplied to the input
section 331 or 332 of the circuit 33 thus per-
mitting the tuning instruction to be delivered
from an output section 333.

The tuning instruction is applied to an input
section 343 of a control circuit 34 imple-
mented using recently developed micropro-
cessor techniques which is responsive to input
data applied to its input data sections 341, 342,
etc., for governing the start and end points,
direction and speed of the scanning operation.
An output section 344 of the control circuit 34
is connected to an input section of a PLL (phase
locked loop) circuit 35. As is well known in the
art, the PLL circuit 35 includes a crystal
standard oscillator, a phase comparator, a low
pass filter, a direct current amplifier, a voltage-
controlled oscillator and so forth in a loop con-
figuration. The voltage-controlled oscillator
could include the above mentioned local oscil-
lators 103 and 203 and variable capacitors 36
and 37. Although two separate local oscillators
103 and 203 are shown, a single voltage-
controlled oscillator in the PLL circuit may
replace these two local oscillators.

While the contro! circuit 34 is controlling the
local oscillation frequency of the local oscillator
103 or 203, that is, the scanning direction and
speed of the oscillation frequency of the
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voltage-controlled oscillator, one of the two
intermediate frequency outputs from the inter-
mediate amplifier 11 or 21 is supplied to the
input section 331 or 332 of the control circuit
33 during the selected one of the two receiver
modes so that the tuning instruction is derived
from the output section 333 of the control
circuit 33 and fed to a latch circuit (not shown)
contained within the PLL circuit 35. The latch
circuit may comprise a well known shift register
and operate the PLL circuit if the output of the
control circuit 33 is any kind of signal except for
the tuning instruction, e.g., a signal repre-
sentative of the scanning direction and speed. In
response to the application of the tuning
instruction the shift register stores and circu-
lates the tuning instruction and keeps constant
the oscillation frequency of the voltage-
controlled oscillator within the PLL circuit and in
other words the local oscillators 103 or 203.
Since the scanning operation comes to a stop
under these circumstances, the intermediate
frequency amplifier 11 or 21 continues supply-
ing the intermediate frequency signal to enable
the operator to listen to a desired FM or AM
broadcasting station.

FIG. 2 details the circuit arrangement of the
control circuit 33.

it is clear from FIG. 1, that the output sec-
tion of the control circuit 33 is used in common
for FM reception and AM reception for auto-
matically stopping the scanning operation.
Referring to FIG. 2, the control circuit 33 par-
ticularly includes an oscillator 334, a
mixer/amplifier 335, a filter 336 for passing sig-
nals of the AM intermediate frequency, a recti-
fier 337 and a level detector 338. When the
FM/AM receiver mode selector switch is turned
to the FM receiver mode, the osciliator 334 is
supplied with a DC enable voltage from a
powder supply line +B, and its oscillation fre-
quency is fixed at 11.150 MHz to 10.250 MHz
with a quartz piezo-electric transducer XL.

The oscillator 334 is connected to an FM
intermediate frequency input terminal 331 via a
secondary coil I, of an output transformer T,, a
capacitor C, and another capacitor C,. When
the oscillator 334 is caused to oscillate by the
enable voltage supplied from the line +B, during
the FM receiver mode, the FM intermediate fre-
quency 10.7 MHz is applied to the input section
331 and then converted into 11.150 — 10.7 (n
MHz) =450 (in KHz) or 10.7—10.25 ({(in
MHz) = 450 (in KHz). In other words, the oscil-
lation frequency of the oscillator 334 is mixed
with the FM intermediate frequency at the
junction of the capacitors C, and C,. During the
FM receiver mode the mixer/amplifier 335
serves as a converter with respect to the FM
intermediate frequency and converts the FM
intermediate frequency into agreement with the
AM intermediate frequency. The next succeed-
ing filter 336 having a band width of +6 KHz
centering on 450 KHz determines the accuracy
of the tuning instruction. The resulting AM inter-
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mediate frequency signal is amplified via the
filter 336 and rectified via the next succeeding
rectifier 337. The band width +6 KHz of the
filter 336 is enough to achieve the optimum
tuning operation since at least 50 KHz is
allotted between two adjacent broadcasting
stations pursuant to the Radio Law in Europe.

The AM intermediate frequency outputted
from the rectifier circuit 337 inverts the
operating state of the level detector 338 con-
sisting of a conventional switching circuit such
as a Schmitt trigger circuit. In other words,
when no FM intermediate frequency signal is
applied to the input terminal 331 or when no
AM intermediate frequency signal is applied to
the other input terminal 332, a transistor TR4
within the level detector 338 is biased with a
power supply voltage +B, and placed in the
conductive state with its collector electrode at
the ground potential.

When the output section 333 of the control
circuit 33 is held at the ground potential, the
latch circuit contained within the PLL circuit 35
does not operate and the local oscillator con-
tinues executing the scanning operation. There-
after, if the AM intermediate frequency signal is
applied to the rectifier circuit 337, then the tran-
sistor TR4 within the level detector 338
changes from the conductive state to the non-
conductive one with its collector voltage
increasing to a high level. At this moment the
output section 333 of the control circuit 33 is
maintained at a high level so that the latch
circuit in the PLL circuit 35 operates in the
above described manner to automatically stop
the scanning operation by the local oscillator.

When the receiver is turned to the AM recep-
tion mode, no DC operating voltage +B, is sup-
plied to the oscillator 334 which in turn is in the
disabled state. Upon the subsequent appli-
cation of the AM intermediate frequency out-
put to the other input section 332 of the con-
trol circuit 33 this AM intermediate frequency
output is amplified by the mixer/amplifier 335.
While the circuit 335 may serve as a mixer
during the FM receiver mode, it actually serves
as an AM intermediate frequency amplifier at
this time because the oscillator 334 is not
active.

The AM intermediate frequency signal
enables the level detector 338 via the amplifier
335 and the same path as for converted FM
intermediate frequency signals to deliver the
tuning instruction.

As an alternative, the AM intermediate fre-
quency signal may be supplied directly to the
filter amplifying stage for the development of
the tuning instruction.

It will be appreciated that the present inven-
tion is of significant advantage in small sized
receivers such as car radio receivers, and com-
bined car radio receiver and cassette tape
recorders.
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Claims

1. An electronically tunable AM/FM radio
receiver having tuning means (33 to 37)
operable to vary the frequencies of AM and FM
local oscillation signals and responsive to AM
and FM intermediate frequency signals for hait-
ing the variation of an associated local oscil-
lation signal frequency in response to a received
AM or FM radio signal, said tuning means {33 to
37) being operable to convert a first of the inter-
mediate frequency signals into a signal of the
other intermediate frequency, and including a
common detector {338) which is responsive to
both the other intermediate frequency signal
and the converted first intermediate frequency
signal for detecting received FM and AM radio
signals, characterised in that the tuning means
{33 to 37) is operable to convert the FM inter-
mediate frequency signal into the AM inter-
mediate frequency, said common detector
(338) being responsive to signals having the
AM intermediate frequency.

2. A radio receiver as claimed in claim 1,
wherein said tuning means (33 to 37) includes
an oscillator {334) responsive to selection of an
FM reception mode for providing a signal of pre-
determined frequency for mixing with the FM
intermediate frequency signal to convert it into
said signal of the AM intermediate frequency.

3. A radio receiver as claimed in claim 1 or
claim 2, having an FM local oscillator (103) and
an AM local oscillator (203), the frequencies of
both of which can be varied by said tuning
means (33 to 37).

4. A radio receiver as claimed in claim 1 or
claim 2, having a common local oscillator for
providing both an FM local oscillation signal and
an AM local oscillation signal, the frequency of
the common local oscillator being variable by
said tuning means (33 to 37).

5. A radio receiver as claimed in any pre-
ceding claim, comprising AM and FM circuits
{10, 11, 12, 20, 21, 22} each comprising a front
stage (10, 20) for receiving radio signals and
generating intermediate frequency signals, an
intermediate frequency amplifier (11, 21) and a
detector (12, 22), wherein said tuning means
(33 to 37) is responsive to signals received from
said intermediate frequency amplifiers (11, 21)
via signal paths which are independent from the
signal paths through said respective AM and FM
circuits (10, 11, 12, 20, 21, 22).

Revendications

1. Récepteur radiophonique MA/MF accor-
dabie par voie électronique, comprenant des

“moyens d'accord {33 a 37) servant & faire varier

les fréquences des_signaux d'oscillation locale
MA et MF et sensibles a8 des signaux de
fréquence intermédiaire MA et MF pour arréter
la variation de la fréquence d'un signal d'oscil-
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lation [ocale associé en réponse & un signal
radiophonique MA ou MF, lesdits moyens
d'accord (33 & 37) servant & convertir un
premier des signaux de fréguence intermédiaire
en un signal a "autre fréquence intermédiaire, et
comprenant un détecteur commun (338) qui est
sensible a la fois a I'autre signal de fréquence
intermédiaire et au premier signal de fréquence
intermédiaire converti pour détecter les signaux
radiophoniques regus en MF et MA, caractérisé
en que les moyens d’accord (33 a 37) servent a
convertir le signal de fréquence intermédiaire
MF en fréquence intermédiaire MA, ledit
détecteur commun (338) étant sensible & des
signaux a la fréquence intermédiaire MA.

2. Récepteur radiophonique selon la reven-
dication 1, caractérisé en ce que les moyens
d'accord (33 & 37) comprennent un oscillateur
{334) sensible & la sélection d'un mode de
réception en MF pour fournir un signal de fré-
quence prédéterminée destiné a étre mélangé
au signal de fréquence intermédiaire en MF pour
le convertir en ledit signal a {a fréquence inter-
médiaire MA.

3. Récepteur radiophonique selon la reven-
dication 1 ou la revendication 2, comprenant un
oscillateur local MF (103) et un oscillateur local
MA (203), dont les fréquences des deux peu-
vent étre variées & |'aide des moyens d'accord
(33437).

4. Récepteur radiophonique selon la reven-
dication 1 ou la revendication 2, comprenant un
oscillateur local commun destiné a fournir un
signal d'oscillation locale MF et un signal
d'oscillation locale AM, la fréquence de I'oscil-
lateur local commun pouvant étre variée par les
moyens d’accord (33 a 37).

5. Récepteur radiophonique selon I'une quel-
conque des revendications précédentes,
comprenant des circuits MA et MF (10, 11, 12,
20, 21, 22) comprenant chacun un étage
d'entrée (10, 20) destiné a recevoir des signaux
radio et a générer des signaux de fréquence
intermédiaire, un amplificateur de fréquence
intermédiaire {11, 21) et un détecteur (12, 22),
dans lequel lesdits moyens d'accord (33 a 37)
sont sensibles a dex signaux regus en pro-
venance des amplificateurs de fréquence inter-
médiaire (11, 21} sur des trajets de signaux qui
sont sensibles a4 des signaux regus en pro-
versant les circuits respectifs MA et MF (10, 11,
12,20, 21,22).

Patentanspriiche

1. AM/FM-Rundfunkempfénger mit elektro-
nischer Senderabstimmung, mit
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— einer FM- und AM-Zwischenfrequenz-
signale des Empféngers aufnehmenden Ab-
stimmeinrichtung (33 bis 37) zur Verdnderung
der Frequenzen der lokal erzeugten FM- und
AM-Oszillatorsignale, zum Stillsetzen einer Os-
zillatorfrequenz-Verdnderung in Abhangigkeit
vom empfangenen FM- oder AM-Rundfunk-
signal und zur Umsetzung des einen, ersten Zwi-
schenfrequenzsignals in ein Signal der anderen
Zwischenfrequenz, und

— einer gemeinsamen Detektorschaltung
(338) zum Ermitteln empfangener FM- und AM-
Rundfunksignale in Abhéngigkeit sowohl des
anderen als auch des ersten der Zwischenfre-
quenzsignale, dadurch gekennzeichnet, daf? die
Abstimmschaltung (33 bis 37) zur Umsetzung
des FM-Zwischenfrequenzsignals auf die AM-
Zwischenfrequenz eingerichtet und die ge-
meinsame Detektorschaltung (338) zur Verar-
beitung von die AM-Zwischenfrequenz auf-
weisenden Signalen ausgelegt sind.

2. Rundfunkempfédnger nach Anspruch 1, da-
durch gekennzeichnet, daR® die Abstimmschal-
tung (33 bis 37) einen Oszillator {334) enthilt,
der, wenn der Empfénger auf FM-Empfang ge-
schaltet ist, ein Signal festgelegter Frequenz zur
Mischung des FM-Zwischenfrequenzsignals und
zur Umsetzung des FM-—ZF-Signals in das die
AM-Zwischenfrequenz aufweisende Signal be-
reitstellt.

3. Rundfunkempfénger nach Anspruch 1 oder
2, mit je einem Empféngeroszillator fiir den FM-
Bereich und den AM-Bereich, dadurch gekenn-
zeichnet, dall die Frequenzwerte beider
Empfangeroszillatoren (103, 203) von der Ab-
stimmschaltung (33 bis 37) aus verdnderbar
sind.

4. Rundfunkempfénger nach Anspruch 1 oder
2, mit gemeinsamen Empfangeroszillator fir
den FM- und den AM-Bereich, dadurch ge-
kennzeichnet, dald die Frequenz des gemein-
samen Empfingsoszillators von der Abstimm-
schaltung (33 bis 37) aus verdnderbar ist.

5. Rundfunkempfénger nach einem der vor-
stehenden Anspriiche, mit jeweils eine Ein-
gangsstufe (10, 20) zur Aufnahme von Rund-
funksignalen des AM- bzw. des FM-Bereichs
und zur Erzeugung von Zwischenfrequenz-
signalen, mit je einem Zwischenfrequenzver-
starker (11, 21) und mit je einer Detektorstufe
(12, 22), dadurch gekennzeichnet, daR die Ab-
stimmschaltung (33 bis 37) durch Signale aus
beiden Zwischenfrequenzverstarkern (11, 21)
beaufschlagt ist, die Gber Signalwege zugefiihrt
werden, welche von den durch die beiden FM-
und AM-Empfangsschaltungen (10, 11, 12; 20,
21, 22) fihrenden Signalpfaden unabhéngig
sind.
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